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The fundamental equation describing radioimmunoassays under equilibrium conditions has been recast into a "working equation" in a form more directly applicable to the requirements of the analytical laboratory. Plotting total counts over counts bound vs. ligand concentration, which is conveniently linear over most of its course, is shown readily to yield quantitative data relative to binding site concentration and the equilibrium constant and to provide a means for deriving apparent labeled ligand concentration.
Such data are helpful in establishing optimum assay conditions and can serve a continuing quality-control function. The working equation also characterizes the binder and tracer reagents used in the assay. The determination of working-equation parameters has been illustrated for the vitamin B12 assay. Data are presented for seven different assay procedures, involving more than 600 calibration curves and 100 different lots of binding agent and tracer reagent, showing a consistently high correlation coefficient (r> 0.990), between ligand concentration and the response variable.
The importance of radioimmunoassays (or competitive protein-binding assays) in clinical chemistry and medical research is attested to by the voluminous accumulation of publications since the original work of Yalow and Berson (1) and Ekins (2) . An extensive bibliography may be found in the review of Skelley et al. (3) and detailed consideration of theoretical aspects is covered in papers by Yalow The problems with this approach have been discussed recently by Ekins (10, p 10). Our approach involves the least mean squares regression relationship between T/B, the total radioactivity added to the reaction tube divided by the bound radioactivity, and ligand concentration,
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It may be noted that our response variable y equals total radioactivity added to the reaction tube divided by the radioactivity bound. It should also be pointed out that the symbols with bars are characteristic constants of the reagents, and that K-' is a characteristic constant of the system. The degree to which this function departs from linearity may be expressed as
is small relative to the constant term, (Pr + p*)U/4i1/, curvature will not be observable.
This criterion for linearity may be expressed mathematically as
If we define a linearity index I as
the criterion for linearity requires that i should significantly exceed 1 for curvature to be undetectable. The vitamin B12 data in Table 5 , discussed below, suggest that an I of about 10 is sufficient for essential linearity.
Consequently, when the condition for linearity is satisfied the working equation may be regarded as a function in which y has a linear relationship to P with a slope and intercept approximating 1/ V, nation of a single variable for each tube, i.e., the radioactivity of the bound fraction. (When plots show some curvature, the term "slope" is meant to apply only to the linear region.)
II. Determination of Parameters of the Working Equation
It may be noted that the slopes show small variability and yield a mean value of 3.99 ng.
Because the volume of undiluted binding agent, V, used in the assay is 0.05 ml, its titer, , is5.01 ng/ ml. The value of the curvature coefficient, K' W/ V, may be obtained by applying the working equation for the case where
For zero vol-
The plot of the Y values, i.e., when P = 0, for each value of U is shown in Figure 1 By applying the specific volumes of U shown in Table 2 Table 4 . The corresponding curves are shown in Figure 3 . It may be observed that the highest and lowest calculated values of Q, shown in column 4, differ from the mean by only 14% in the face of a 24-fold variation in V. These quantitative findings demonstrate the virtual constancy of the product, V X slope, and the corresponding reciprocal relation between these terms. The intercept data in columns 5 and 6, show a mean difference of only 3.3% between the experimental and calculated values. in the reaction mixture, as discerned by means of the linearity index I, are presented in Table 5 . In section A (and Figure 2) it may be noted that curve d (with I = 7.4) is linear and that this value increases substantially with moderate increases in U. Likewise in section B (and Figure 3) , curve 4 (with I = 6.8) is linear, and the value increases markedly as V decreases. Accordingly, an I value of 10 or more may be regarded as an adequate criterion to indicate the conditions under which y will have a linear relationship to P within the precision limits common for these measurements.
The quantitative data generated by variation of the two elements under experimental control, U and V, amply support the relationships described by the basic working equation.
Because the theoretical function y is now defined, the other related functions are also defined by the following simple expressions: BIT 
IV. Summary of Calibration Data Based on
Regression Equations for y vs. P,,
The calibration data presented in Table 6 were obtained with single determinations for eight different calibration points plus the zero standard. A high correlation coefficient under these conditions is a more rigorous test of precision and linearity of the calibration curve than if it were calculated from fewer points in duplicate. Unknowns, on the other hand, are assayed at least in duplicate.
Correlation coefficients above 0.990 for y vs. P have been consistently observed for all assays studied. When the correlation is poorer, a quick plot may reveal one or two outlier points. If a poor correlation is not due to outlier points, methodological problems are indicated and assay results may not be acceptable.
As is evident from the correlation coefficients shown in Table 6 , the essential linearity of y vs. P with use of several different lots of binding agent and tracer reagent has been uniformly observed. Consequently, using a programmable desk-top calculator in routine operation, we obtain the regression equation for y vs. P,, from which the unknowns are calculated-as well as the correlation coefficient, to confirm satisfactory linearity and precision.
The results shown in Table 6 of secondary significance in this connection. Thus, our lack of precise knowledge of the characteristics and complexities of the real physical model does not prevent an adequate description of the observable properties of the system. In keeping with this concept we may say that an RIA system is adequately described when all the parameters of interest to the analyst are established and inter-related in a manner compatible with experimental observations.
As shown for the vitamin B12 assay, equation 3 enables one to quantitatively describe the behavior of the system with acceptable accuracy. Some minor deviations between predicted and observed valuese.g., Figure 2 , a, b, and c, and variability of (Table  4) 
